The use of microorganisms in the synthesis of nanoparticles emerges as an eco-friendly and exciting approach. In the present investigation, we report the biosynthesis of silver nanoparticles employing the bacterium Salmonella typhirium. Silver nanoparticles were synthesized through the reduction of aqueous Ag+ ion using the growth culture supernatants in the bright conditions. The synthetic process was fast, and silver nanoparticles were formed within 4 min of silver ion coming in contact with the cell filtrate. An absorption peak at 427 nm in a Uv-vis spectrophotometer was detected indicating the presence of Ag nanoparticles. The morphology of nanoparticles was observed by transmission electron microscopy. The size of the nanoparticles was determined to be 87 ± 30 nm, applying dynamic light scattering. Reduction degree of Ag+ was measured as 75% by atomic absorption spectrophotometry. The silver nanoparticles have been prepared from silver sulfate during this investigation for the first time.
Background
Nanotechnology plays a very important role in many key technologies of the new millennium [1] . The application of nanoscale and nanostructure materials within the range of 1 to 100 nm is an emerging area of nanoscience and nanotechnology. Nanomaterials may provide solutions to technological and environmental challenges in the areas of solar energy conversion, catalysis, medicine, and water treatment [2] .
Nanoparticles of silver have many important applications that include spectrally selective coating for solar energy absorption and intercalation material for electrical batteries, as optical receptors, polarizing filters, catalysts in chemical reaction, biolabelling, and as antimicrobial agents [3] .
For the production of nanoparticles, one needs to know the physical and chemical principles of nanoscale materials and also know how to commercialize them. Generally, metal nanoparticles can be prepared and stabilized by chemical, physical, and biological methods; the chemical approach, such as chemical reduction, electrochemical techniques, photochemical reduction [2, 4] , and pyrolysis [5] , and physical methods, such as Arcdischarge and physical vapor condensation [6] , are used. Living organisms have huge potentials for the production of nanoparticles of wide applications.
Studies show that the size, morphology, stability, and properties (chemical and physical) of the metal nanoparticles are strongly influenced by the experimental conditions, the kinetics of interaction of metal ions with reducing agents, and the adsorption processes of stabilizing agent with metal nanoparticles. Therefore, the design of a synthesis method in which the size, morphology, stability, and properties are under control is a major field of interest [2, 7] .
Researchers prefer a biological synthesis because the distribution control of particles obtained from this method is better than other methods [8] . In addition, this method involves no environmental toxicity which is usually accompanied with other chemical methods [9] .
The first of the synthesis of silver nanoparticles by a bacterium has been reported in 2000. Joerger et al. used P.stutzeri bacterium (AG259) for silver nanoparticle synthesis with a size smaller than 200 nm [10] . In another study, silver nanocrystal biosynthesis was performed using the bacterium Bacillus licheniformis. This was indicated by the change in color from whitish-yellow to brown [11] .
In 2009, it was investigated that there was a different visible light irradiation effect on the formation of silver nanoparticles from silver nitrate using the culture supernatant of Klebsiella pneumonia. Also, the study experimentally investigated the liquid mixing process effect on silver nanoparticle synthesis by visible light irradiation [12] .
Research shows that one of the most important factors in the production of silver nanoparticles is the time of its formation. In addition, biosynthesis of silver nanoparticles using microorganisms is rather slow. However, finding microorganisms to rapidly synthesize Ag nanoparticles is an important aspect. In this study, we used Salmonella typhirium as the bacterium to reduce Ag+ ions in an aqueous solution.
Results and discussion
For the analytical study of the prepared sample, the amount of absorption within the wavelength of 350 to 600 nm was observed by UV-vis spectroscopy. This technique has proven to be very useful for analyzing nanoparticles [3, 7] . As illustrated in Figure 1 , a strong surface plasmon resonance was centered at ca. 427 nm. Observation of this strong but broad surface plasmon peak has been well documented for various metal nanoparticles, with sizes ranging widely from 2 to100 nm [13, 14] .
In order to carefully study the size of the produced silver nanoparticles, dynamic light scattering analysis was used. As seen in Figure 2 , the average size of nanoparticles produced in the bioreactor is about 129.3 nm, and majority of the nanoparticles have the size of 87.18 nm.
The difference between the smallest and largest sizes of nanoparticles is 30.92 nm which indicates narrow distribution of the produced nanoparticles. By means of atomic absorption spectrometry, the Figure 1 Uv-vis spectra of Ag colloids spectra. Recorded after the addition of supernatant (1 ml) to 100 ml of silver sulfate solution (0.0005 M). The silver nanoparticles synthesized by Salmonella were studied by transmission electron microscopy (TEM), and images show and confirm silver nanoparticle production at nanosize. TEM images of the produced nanoparticles are shown in Figure 4 .
Conclusions
Here, we described an inexpensive approach for reducing silver sulfate solution to produce nanoparticles. Silver nanoparticles in the range of approximately 50 to 150 nm are synthesized by the supernatant of Salmonella typhirium when it is added to silver sulfate. It seems that this method is the fastest biological method to form Ag nanoparticles. The time required to complete the silver ion reduction was obtained about 4 min. According to previous reports, the reductase enzymes released by the bacteria play the most important role in the reduction of silver ions. It seems the reductase enzymes released by Salmonella typhirium can reduce silver ions quickly; although, more research should take place in this area. This methodology could be used for synthesizing a number of metallic nanoparticles involving other metals with good size and shape morphology. This study would therefore lead to an easy (and rapid) procedure for producing silver nanoparticles with the added advantage of biosafety.
Methods
Organism Salmonella typhirium was provided by the Department of Veterinary Medicine, Tehran University of Iran. The bacterium after growth was maintained on an agar plate (Macconkey agar) at 4°C temperature.
Growth medium
The Trypti casein soy broth medium (Company Merck, Whitehouse Station, NJ, USA) was used for bacterial culture in this study. The medium was prepared, and after autoclaving, it was maintained in order to be used at later stages.
Preparation of inoculum
A loopful of colony from an agar plate was picked up and aseptically transferred into a 100-cm 3 medium in a 250-cm 3 conical flask. The flask was cultured overnight at 37°C in order to prepare a suspension of the Salmonella bacterium.
Ag nanoparticle synthesis
The culture was centrifuged at 5,000 rpm for 15 min, and the supernatant was used for the synthesis of silver nanoparticles. Distilled water was used as solvent in the synthesis of silver nanoparticles. One milliliter of supernatant was added separately to the reaction vessel containing 100 ml Ag 2 SO 4 at a concentration of 0.0005M. The reaction between this supernatant and Ag+ ions were carried out in bright conditions for 4 min. After 4 min, the colorless solution of silver sulfate in the container turns into brown color ( Figure 5 ). This color change indicates a possibility of silver nanoparticle production. In order to prove the existence of nanoparticles, product efficiency, and their size, Uv-vis spectroscopy, atomic absorption spectroscopy, transmission electron microscopy, and DLS analysis were used.
